Abstract. -Ostracods from the upper part of the Valisettes Formation (Frasnian), from the Matagne Formation (Idem) and from the base of the Senzeille Formation (Famennian) exposed in the Neuville railway section (southern side of the Philippeville Massif within the Dinant Synclinorium) have been studied in order to advance the knowledge of the late Devonian mass extinction. The ostracod assemblage present in the upper part of the Valisettes Formation belongs to the Eifelian ecotype, and is dominated by filter-feeding metacopid ostracods indicative of an hypoxic trend related to an increase in the water depth. The overlying Matagne Formation is characterised by opportunistic species belonging to the myodocopid ecotype indicative of more severe hypoxic water conditions. The ostracod assemblage recognised in the base of the Matagne Formation is comparable to the assemblage found in the Upper Kellwasser Horizon of the Schmidt quarry parastratotype (Kellerwald, Germany), and the sartenaeri, splendens and sigmoidale Zones of the biozonation on entomozoid ostracods are also recognised. The splendens Zone -sigmoidale Zone transition which corresponds to an important change in the entomozoid fauna in relation to the late Devonian mass extinction must be fixed definitively into the late Frasnian. Only Palaeophilomedes neuvillensis CASIER, 1988, and Ovatoquasillites avesnellensis (LETHIERS, 1973) survived the extinction in the Neuville railway section. P. neuvillensis is perhaps the sole true nekto-planktonic myodocopid present in the section, and the pre-adapted Lazarus species O. avesnellensis is known to have lived in very shallow marine and semi-restricted environments. We can conclude that the surface waters and the shallow marine environments were probably not disturbed during the late Devonian mass extinction. A figure, summarises the succession of events at the Frasnian -Famennian transition on the southern border of the Philippeville Massif. , 1994] ; elle est liée à l'augmentation de la profondeur d'eau [Casier, 1987] . La partie supérieure de la formation des Valisettes appartient à la zone à lethiersi de la biozonation par les Metacopina [Casier, 1979b] . La formation de Matagne est par contre caractérisée par la présence d'espèces profiteuses appartenant exclusivement à l'écotype à Myodocopida qui témoigne de conditions hypoxiques sévères [Casier, 1987] . Les zones à sartenaeri et à splendens de la biozonation par les Entomozoacea [Rabien, 1954 ] sont reconnues dans la base de la formation de Matagne. A ce niveau, l'assemblage d'ostracodes, dominé par de nombreux Entomoprimitia (E.) kayseri (WALDSCHMIDT, 1985), est comparable à celui observé dans l'Horizon Kellwasser supérieur du parastratotype de la carrière Schmidt, dans le Kellerwald, en Allemagne [Casier et Lethiers, 1998a ; Casier et al., 1999] . L'installation de ces deux unités lithostratigraphiques a donc lieu pratiquement en même temps. Une modification importante de la faune d'Entomozoacea est décelable au sein de la formation 
INTRODUCTION
The study of ostracods across the Frasnian -Famennian boundary in several sections worldwide has confirmed that the late Devonian mass extinction was one of the largest during the Phanerozoic. Approximately 75 percent of all marine ostracod species were wiped out as a result of this event Casier and Lethiers, 2001] .
In southern Belgium, the type region for the definition of the Frasnian and Famennian stages, the disappearance of the reefal and perireefal communities was related to the deposition of the hypoxic Matagne black shale Formation [Casier, 1987] . However, on the southern border of the Philippeville Massif where the reef development persisted the latest in the Belgian Frasnian and probably in the global Frasnian, the precise age of the Matagne Formation and the disappearance of ostracods in relation to the late Devonian biological crisis is not well known. The only information on ostracods came from the study of the enclosing sediments (Valisettes Formation) of the reef of the Beauchâteau quarry [Casier, 1988] , and from the study of the upper part of the Matagne Formation and base of the Senzeille Formation in the reference section at Senzeille [Casier, 1989 Casier and Bultynck, 2000] .
The discovery of Entomoprimitia (E.) splendens (WALDSCHMIDT, 1985) during a preliminary study of ostracods present in the Matagne Formation of the Neuville railway section [Casier, 1982] , had demonstrated that this formation was deposited later in the Philippeville Massif than generally estimated in the seventies, and consequently that this level is partially contemporaneous with the German Upper Kellwasser Horizon [Casier, 1987 this statement [Bultynck and Martin, 1995; Bultynck et al., 1998 ]. Consequently, it was interesting to study in more detail the ostracods present in the upper part of the Valisettes Formation and in the Matagne Formation of the Neuville railway section, in order to advance the knowledge of the late Devonian mass extinction in the type region. The Neuville railway section is the stratotype for the Valisettes Formation [Boulvain et al., 1999] .
THE NEUVILLE RAILWAY SECTION
The Neuville railway section is located on the southern side of the Philippeville Massif within the Dinant Synclinorium ( fig. 1 ). The section is situated south-west of the village of Neuville, on the eastern flank of a trench dug for the Charleroi -Couvin railway (line 132). The section has been described by Bouckaert and Mouravieff [1970] , Sartenaer [1973 unpubl.] [Casier, 1979a [Casier, , 1982 , among them the very large Pseudophilomedes neuvillensis CASIER, 1988.
OSTRACOD DISTRIBUTION (table I)
Twenty-five samples were collected in the Valisettes, Matagne and Senzeille Formations of the Neuville railway section for the ostracod study. More than 500 valves, carapaces and casts of ostracods have been extracted from limestones by the hot acetolysis method [Lethiers and CrasquinSoleau, 1988] , and observed on shales after immersion in hydrogen peroxide.
The ostracods in the Valisettes Formation (fig. 3)
Apart from sample N 29 extracted in the middle part of the formation, and close to km 103.076, twelve samples (TCFN 1 to TCFN 12) were collected in the top of the Valisettes Formation. Ostracods are missing only in one sample (TCFN 2). The ostracods in the Valisettes Formation belong to the Eifelian ecotype of Becker [in Bandel and Becker, 1975] and are indicative of a marine environment below fair weather wave base [ = assemblage III in Casier, 1987] . Metacopid, podocopid and palaeocopid ostracods are each represented by five species and the Eridostraca by one species. In number of specimens, metacopid ostracods predominate largely, particularly the species Svantovites lethiersi CASIER, 1979 and in a lesser degree, the species Polyzygia neodevonica (MATERN, 1929) and Ovatoquasillites avesnellensis (LETHIERS, 1973) . The palaeocopid ostracod species are represented by a few specimens, and the podocopid ostracod species and the Eridostraca generally by one specimen only. The preponderance of filter-feeding ostracods (65 percent of species but almost 100 percent of specimens belong to metacopid and palaeocopid ostracods) relative to deposit-feeding ostracods (podocopid) is indicative of an hypoxic trend [Lethiers and Whatley, 1994] , and is related to an increase in the water depth [Casier, 1987] . The environment was calm, below storm wave base, and deeper than environments found in the vicinity of late Frasnian reefs, e.g. the reef of the Beauchâteau quarry located near the railway section of Neuville [Casier, 1988] . The Valisettes Formation is in the lethiersi Zone of the biozonation established on metacopid ostracods [Casier, 1979b] . (fig. 4 ) belong exclusively to the Myodocopid ecotype. Nine samples (TCFN 13 to TCFN 20) were collected in this formation. Nine entomozoid, and one cypridinoid species, Palaeophilomedes neuvillensis CASIER, 1988, were found. This assemblage is indicative of poorly oxygenated water conditions. The entomozoid ostracods are diverse in the lower part of the Matagne Formation (sample 13), and several species belong to the genus Entomoprimitia. The sartenaeri and the splendens Zones of the entomozoid biozonation [Rabien, 1954] tively abundant. This species also characterises a zone of the entomozoid biozonation. The species "E." sandbergeri, in sample TCFN 19, is only known from the Nehden-Stufe of Germany.
The ostracods in the Matagne Formation
The ostracods in the base of the Senzeille Formation belong again to the Eifelian ecotype. Three samples (TCFN 21 to TCFN 23) were collected in the base of the Senzeille Formation, and ostracods are present in samples TCFN 21 and TCFN 22. Only very rare internal and external molds of benthic ostracods were found in the base of the Senzeille Formation, and the species Ovatoquasillites avesnellensis (LETHIERS, 1973) alone is undoubtedly recognised in sample TCFN 21. The ostracod fauna was poorly diversified, but probably similar to the fauna indicative of shallow marine environments found in the base of the Famennian of the Senzeille, Sinsin, Hony and Lambermont sections in Belgium.
CONCLUSIONS
The ostracod assemblage present in the upper part of the Valisettes Formation belongs to the Eifelian ecotype, and is indicative of a calm marine environment below storm wave base. Conversely to the assemblage dominated by deposit-feeder podocopid ostracods found in the enclosing sediments of the reef of the Beauchâteau quarry [Casier, 1988] , the assemblage present in the Neuville railway section is dominated by filter-feeding metacopid ostracods indicative of an hypoxic trend linked to the deepening. This kind of ostracod assemblage has already been found in Belgium, and is probably related to the Ka1ák Event [House, 1985] in the lower part of the Eifelian Hanonet Formation in the La Couvinoise quarry at Couvin .
The Matagne Formation is characterised by opportunistic species belonging to the Myodocopid ecotype indicative of strong hypoxic water conditions. The ostracod assemblages in the lower part of the Matagne Formation at Neuville and in the Upper Kellwasser Horizon of the Schmidt quarry parastratotype in the Kellerwald [Casier and Lethiers, 1998b; Casier et al., 1999] are similar. The presence of Entomoprimitia (E.) splendens (WALDSCHMIDT, 1885), an index fossil of the entomozoid biozonation [Rabien, 1954] , and the very great abundance of Entomoprimitia (E.) kayseri (WALDSCHMIDT, 1985) confirm that the inception of the Matagne Formation at Neuville, and of the Upper Kellwasser Horizon in Germany, are quasi-synchronous.
An important change in the ostracod fauna occurred during the deposition of the Matagne Formation in the Neuville railway section, more precisely between samples TCFN 15a and TCFN 15b. [Casier, 1988] , the Senzeille and the Neuville sections. (1) : Historic Frasnian -Famennian boundary of Gosselet [1877] based on the recovery of the megafauna [Sartenaer, 1960 [Sartenaer, , 1973 ; (2) : Frasnian -Famennian boundary based on the recovery of the microfauna ; (3) : first occurrence of Palmatolepis triangularis [Bultynck and Martin, 1995] ; conodonts have never been found below this level in the Senzeille Formation; (4) The reef development ends several metres below the Valisettes and Matagne Formations boundary, however the reef builders and the peri-reefal organisms persisted probably until this boundary (Signor Lipps Effect); * : ultimate phase of the late Devonian mass extinction corresponding to the culmination of the anoxia, and immediately followed by the beginning of the recovery. FIG. 5. -Succession des événements au passage Frasnien -Famennien au bord sud du massif de Philippeville, basée sur les études des schistes envasant le récif de la carrière Beauchâteau à Senzeille [Casier, 1988] , des coupes de Senzeille [Sartenaer, 1960 [Sartenaer, , 1973 ; (2) : limite basée sur le renouvellement de la microfaune ; (3) : apparition de Palmatolepis triangularis [Bultynck et Martin, 1995] ; à noter qu'aucun conodonte n'a été trouvé sous ce niveau dans la formation de Senzeille; (4) : l'activité récifale disparaît quelques mètres sous la limite des formations des Valisettes et de Matagne, mais les organismes constructeurs et la faune péri-récifale subsistent probablement jusqu'à cette limite (Effet Signor Lipps); * : phase ultime de l'extinction en masse du Dévonien supérieur correspondant au paroxysme de l'anoxie; elle est directement suivie du renouvellement faunique.
in the Sauerland [Raith, 1968] , and has been also found in the Upper Kellwasser Horizon [Schindler oral com., May 12, 2001] . Based on the recovery of the Eifelian ecotype ostracod microfauna, the Frasnian-Famennian boundary corresponds to the boundary between the Matagne and the Senzeille Formations . Consequently the base of the sigmoidale Zone must be definitively fixed in the upper part of the Frasnian and the ultimate phase of the late Devonian mass extinction predates the Frasnian-Famennian boundary ( fig. 5) . Johnson et al. [1985] using refined correlation of sea level fluctuations arrived at the same conclusion. "Entomoprimitia" sandbergeri (MATERN, 1929) present in the top of the Matagne Formation (sample TCFN 19) is known from the Nehden-Stufe of Germany [Rabien, 1954] but the biostratigraphical range of this relatively rare species is not well known.
If the change in the ostracod fauna between samples TCFN 15a and 15b corresponds to the ultimate phase of the late Devonian mass extinction, Palaeophilomedes neuvillensis CASIER, 1988, and Ovatoquasillites avesnellensis (LETHIERS, 1973) alone survived at Neuville. P. neuvillensis is probably the sole true nekto-planktonic ostracod present in the section, and the benthic ostracod species O. avesnellensis is known to have lived in very shallow and semi-restricted marine environments, in which this species survived the extinction. O. avesnellensis is the more abundant species in the base of the Famennian of the Belgian Senzeille, Hony, Lambermont and Sinsin sections and in some beds of this last section, the majority of ostracods belongs to this pre-adapted Lazarus species [Casier and Devleeschouwer, 1995] . Consequently, we can surmise that the surface waters and the shallow marine environments were not affected by the late Devonian mass extinction. Figure 5 summarises the succession of events at the Frasnian-Famennian transition on the southern border of the Philippeville Massif, after the studies of the Beauchâteau quarry [Casier, 1988] , Senzeille and the Neuville sections.
